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Mail Stop Petition 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 



1. Applicant hereby petitions under 37 CFR § 1.705(d) that the patent term adjustment for 
U.S. Patent No. 7,484,688 be changed from 642 days to 918 days, in accordance with the 
requirements of justice. 



STATEMENT OF FACTS 

2. On September 30, 2008, the United States District Court for the District of Columbia 
rendered a decision that refuted the USPTO's method for calculating patent term 
adjustment as inconsistent with 35 USC § 154(b) and set forth the proper method of 
calculation in Wyeth et al. v. Dudas , Civ. Action No. l:07-cv-01492-JR. (See Wyeth et 
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al. v. Dudas , Case No. l:07-cv-01492-JR, Mem. Op., dkt. no. 27 (D.D.C. September 30, 
2008) attached hereto as Attachment A). 

3. Specifically, in Wyeth, the court found that the United States Patent and Trademark 
Office (USPTO) has been misapplying 35 U.S.C. § 154(b)(2)(A) when calculating patent 
term adjustment, thereby routinely denying applicants patent term to which they are 
entitled under the statute. 

4. The USPTO had published and implemented its interpretation of 35 U.S.C. 154(b)(2)(A) 
stating that the statute means "that if an application is entitled to an adjustment under the 
three-year pendency provision of 35 U.S.C.§ 154(b)(1)(B), the entire period during which 
the application was pending before the office (except for periods excluded under 35 
U.S.C. § 154(b)(l)(B)(i)-(iii)), and not just the period beginning three years after the 
actual filing date of the application, is the relevant period under 35 U.S.C. § 154(b)(1)(B) 
in determining whether periods of delay "overlap" under 35 U.S.C. 154(b)(2)(A)." 69 
Fed. Reg. 21706 (April 22, 2004). 

5. In Wyeth , the court found the USPTO interpretation of 35 U.S.C. 154(b)(2)(A) does not 
square with the language of the statute and that the USPTO should not consider an 
application delayed under 154(b)(1)(B) during the period before it has been delayed and 
that the delay under section (B) begins when the PTO has failed to issue a patent within 

three years, not before. See Wyeth , Slip Op. at 8. 
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6. U.S. Patent No. 7,484,688 ("the '688 Patent") issued to inventors Leung Choi Chow and 
Christopher Neil Wood on February 3, 2009. The patent term adjustment, as determined 
by the USPTO under 35 USC § 154(b), and listed on the face of the '688 patent is 642 
days. This patent is not subject to a terminal disclaimer. The '688 patent is attached as 
Attachment B. 



7. The USPTO's determination of 642 days of patent term adjustment is in error in that, 
pursuant to 35 USC § 154(b)(1)(B), the USPTO failed to properly allow an adjustment 
for the time exceeding three years after the actual filing date of the '688 patent to its date 
of issue. Additionally, the USPTO appears to have miscalculated the number of days 
awarded the '688 patent under the fourteen month to issue guarantee found in 35 USC 
154(b)(l)(A)(i). See Attachment C comprising a hardcopy of the USPTO PTA 
calculation from the PAIR system. 

8. U.S. Patent No. 7,484,688 is an international application that claims priority to an earlier- 
filed national application from Great Britain, filed on November 1, 2002. The 
international application was filed on October 23, 2003. To enter the U.S. national stage, 
papers fulfilling the requirements of 35 U.S.C. § 371(c) were filed on April 29, 2005. 
Under 35 USC 371, the date of commencement of the national stage is computed as 
either 30 months from the earliest priority date, or on the date that papers fulfilling the 
requirements of § 371(c) are filed (before 30 months from the priority date) together with 
a demand for entry into the national stage under 35 U.S.C. § 371(f). In this case, 
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although papers fulfilling all the requirements of § 371(c) were filed before the 30 month 
anniversary of the earliest priority date, there was no demand under 371(f) made. 
Therefore, the commencement of the national stage for this application should be May 1, 
2005 under § 371(b). Furthermore, May 1, 2005 is also the date upon which the 
application fulfilled all the requirements of 35 USC § 371. Finally, the '688 patent issued 
on February 3, 2009. See Attachments B and C. 

9. Under 35 USC § 154(b)(1)(A), Applicant is entitled to an adjustment of the term of the 
'688 patent for a period of 640 days, which is the number of days attributable to PTO 
examination delay ("A Delay"). Specifically, this examination delay is due to the 
requirement of 35 USC § 154(b)(1)(A) that the PTO must mail a notification under 35 
USC § 132 or a notice of allowance under 35 USC § 151 not later than 14 months after 
the date on which the application fulfilled the requirements of 35 USC § 371. The 
present application fulfilled the requirements of 35 USC § 371 on May 1, 2005 but did 
not receive an Office Action under 35 USC § 132 until April 1, 2008, resulting in 640 
days of examination delay. Note that based upon the PAIR printout found in Attachment 
C, it appears that the PTO is incorrectly using April 29, 2005 as the date of fulfillment of 
the requirements of 35 USC § 371 for purposes of this rule and has accordingly credited 
the applicant 642 days rather than 640 days. 

10. Under 35 USC § 154(b)(1)(A), Applicant is entitled to an additional adjustment of the 
term of the '688 patent for a period of 278 days, which is the number of days the issue 
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date of the '688 patent exceeds three years from the date of national stage 
commencement of the application under 35 USC (b) or (f) not including any time 
consumed by continued examination of the application requested by the applicant under 
section 132(b). ("B Delay"). 

11. Section 35 USC § 154(b)(2)(A) states that "to the extent... periods of delay attributable to 
grounds specified in paragraph [154(b)(1)] overlap, the period of any adjustment granted 
under this subsection shall not exceed the actual number of days the issuance of the 
patent was delayed." For the '688 patent, 0 days of the A Delay overlaps with the B 
Delay period. Therefore, there are no overlap days to be excluded for the patent term 
adjustment. 

12. The total period of PTO delay is 918 days, which is the sum of the A Delay (640 days) 
and B Delay (278 days) minus the period of overlap (0 days). 

13. Under 35 USC § 154(b)(2)(C), the total period of PTO delay is reduced by the period of 
applicant delay, which is 0 days, as determined by the USPTO. None of the 
circumstances identified in §1.704 as constituting a failure to engage in reasonable efforts 
to conclude processing or examination are believed to be present in this application. See 
Attachment C. 
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14. Therefore, the correct patent term adjustment under 35 USC § 154(b)(1) and (2) is 918 
days, the difference between the total period of PTO delay (918 days) and the period of 
applicant delay (0 days). 



15. The Applicant's credit of only 642 days of patent term adjustment for the '688 patent is 
arbitrary, capricious, an abuse of discretion, or otherwise not in accordance with law and 
in excess of statutory jurisdiction, authority or limitation. 



16. Accordingly, Applicant and the undersigned respectfully submit that justice requires that 
the patent term adjustment credited U.S. Patent No. 7,484,688 be changed from 642 days 
to 918 days. 



Customer No. 24113 

Patterson, Thuente, Skaar & Christensen, PA. 

4800 IDS Center 

80 South 8th Street 

Minneapolis, Minnesota 55402-2100 

Telephone: (612)349-5746 



Please grant any extension of time necessary for entry; charge any fee due to Deposit Account No. 16-0631. 



Respectfully submitted, 



James P. Rieke 
Registration No. 55,573 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



WYETH, et al., 

Plaintiffs, 



Civil Action No. 07-1492 (JR) 



JON W. DUDAS, Under Secretary of 
Commerce for Intellectual 
Property and Director of U.S. 
Patent and Trademark Office, 

Defendant . 

MEMORANDUM OPINION 

Plaintiffs here take issue with the interpretation that 
the United States Patent and Trademark Office (PTO) has imposed 
upon 35 U.S.C. § 154, the statute that prescribes patent terms. 
Section 154(a) (2) establishes a term of 20 years from the day on 
which a successful patent application is first filed. Because 
the clock begins to run on this filing date, and not on the day 
the patent is actually granted, some of the effective term of a 
patent is consumed by the time it takes to prosecute the 
application. To mitigate the damage that bureaucracy can do to 
inventors, the statute grants extensions of patent terms for 
certain specified kinds of PTO delay, 35 U.S.C. § 154(b)(1)(A), 
and, regardless of the reason, whenever the patent prosecution 
takes more than three years. 35 U.S.C. § 154(b) (1) (B) . 
Recognizing that the protection provided by these separate 
guarantees might overlap, Congress has forbidden double-counting: 
"To the extent that periods of delay attributable to grounds 
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specified in paragraph (1) overlap, the period of any adjustment 
granted under this subsection shall not exceed the actual number 
of days the issuance of the patent was delayed." 35 U.S.C. 
§ 154 (b) (2) (A) . Plaintiffs claim that the PTO has misconstrued or 
misapplied this provision, and that the PTO is denying them a 
portion of the term Congress has provided for the protection of 
their intellectual property rights. 

Statutory Scheme 
Until 1994, patent terms were 17 years from the date of 
issuance. See 35 U.S.C. § 154 (1992) ("Every patent shall 
contain ... a grant . . . for the term of seventeen years . . . 
of the right to exclude others from making, using, or selling the 
invention throughout the United States. ..."). In 1994, in 
order to comply with treaty obligations under the General 
Agreement on Tarriffs and Trade (GATT) , the statute was amended 
to provide a 20-year term from the date on which the application 
is first filed. See Pub. L. No. 103-465, § 532, 108 Stat. 4809, 
4984 (1994) . In 1999, concerned that extended prosecution delays 
could deny inventors substantial portions of their effective 
patent terms under the new regime, Congress enacted the American 
Inventors Protection Act, a portion of which — referred to as 
the Patent Term Guarantee Act of 19 99 — provided for the 
adjustments that are at issue in this case. Pub. L. No. 106-113, 
§§ 4401-4402, 113 Stat. 1501, 1501A-557 (1999). 
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As currently codified, 35 U.S.C. § 154(b) provides 
three guarantees of patent term, two of which are at issue here. 
The first is found in subsection (b) (1) (A), the "[guarantee of 
prompt Patent and Trademark Office response." It provides a one- 
day extension of patent term for every day that issuance of a 
patent is delayed by a failure of the PTO to comply with various 
enumerated statutory deadlines: fourteen months for a first 
office action; four months to respond to a reply; four months to 
issue a patent after the fee is paid; and the like. See 35 
U.S.C. § 154(b) (1) (A) (i)-(iv). Periods of delay that fit under 
this provision are called "A delays" or "A periods." The second 
provision is the " [g] uarantee of no more than 3-year application 
pendency." Under this provision, a one-day term extension is 
granted for every day greater than three years after the filing 
date that it takes for the patent to issue, regardless of whether 
the delay is the fault of the PTO. 1 See 35 U.S.C. 
§ 154(b) (1) (B) . The period that begins after the three-year 
window has closed is referred to as the "B delay" or the "B 
period". ("C delays," delays resulting from interferences, 
secrecy orders, and appeals, are similarly treated but were not 
involved in the patent applications underlying this suit.) 



1 Certain reasons for exceeding the three-year pendency 
period are excluded, see 35 U.S.C. § 154(b) (1) (b) (i)-(iii), as 
are periods attributable to the applicant's own delay. See 35 
U.S.C. § 154 (b) (2) (C) . 
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The extensions granted for A, B, and C delays are 

subject to the following limitation: 

(A) In general. — To the extent that 
periods of delay attributable to 
grounds specified in paragraph (1) 
overlap, the period of any 
adjustment granted under this 
subsection shall not exceed the 
actual number of days the issuance 
of the patent was delayed. 

35 U.S.C. § 154(b) (2) (A). This provision is manifestly intended 
to prevent double-counting of periods of delay, but understanding 
that intent does not answer the question of what is double- 
counting and what is not. Proper interpretation of this 
proscription against windfall extensions requires an assessment 
of what it means for "periods of delay" to "overlap." 

The PTO, pursuant to its power under 35 U.S.C. 
§ 154 (b) (3) (A) to "prescribe regulations establishing procedures 
for the application for and determination of patent term 
adjustments," has issued final rules and an "explanation" of the 
rules, setting forth its authoritative construction of the 
double-counting provision. The rules that the PTO has 
promulgated essentially parrot the statutory text, see 37 C.F.R. 
§ 1.703(f), and so the real interpretive act is found in 
something the PTO calls its Explanation of 37 CFR 1.703(f) and of 
the United States Patent and Trademark Office Interpretation of 
35 U.S.C. § 154(b) (2) (A), which was published on June 21, 2004, 
at 69 Fed. Reg. 34238. Here, the PTO "explained" that: 
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the Office has consistently taken 
the position that if an application 
is entitled to an adjustment under 
the three-year pendency provision 
of 35 U.S.C. § 154(b)(1)(B), the 
entire period during which the 
application was pending before the 
Office (except for periods excluded 
under 35 U.S.C. § 154(b) (1) (B) 
(i)-(iii)), and not just the period 
beginning three years after the 
actual filing date of the 
application, is the relevant period 
under 35 U.S.C. § 154(b)(1)(B) in 
determining whether periods of 
delay "overlap" under 35 U.S.C. 
154 (b) (2) (A) . 

69 Fed. Reg. 34238 (2004) (emphasis added). In short, the PTO' s 
view is that any administrative delay under § 154(b) (1) (A) 
overlaps any 3-year maximum pendency delay under § 154(b) (1) (B) : 
the applicant gets credit for "A delay" or for "B delay," 
whichever is larger, but never A + B. 

In the plaintiffs' submission, this interpretation does 
not square with the language of the statute. They argue that the 
"A period" and W B period" overlap only if they occur on the same 
calendar day or days. Consider this example, proffered by 
plaintiff: A patent application is filed on 1/1/02. The patent 
issues on 1/1/08, six years later. In that six-year period are 
two "A periods," each one year long: (1) the 14-month deadline 
for first office action is 3/1/03, but the first office action 
does not occur until 3/1/04, one year late; (2) the 4-month 
deadline for patent issuance after payment of the issuance fee is 
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1/1/07, but the patent does not issue until 1/1/08, another year 
of delay attributable to the PTO. According to plaintiff, the "B 
period" begins running on 1/1/05, three years after the patent 
application was filed, and ends three years later, with the 
issuance of the patent on 1/1/08. In this example, then, the 
first "A period" does not overlap the "B period," because it 
occurs in 2003-04, not in 2005-07. The second "A period," which 
covers 365 of the same days covered by the "B period," does 
overlap. Thus, in plaintiff's submission, this patent holder is 
entitled to four years of adjustment (one year of "A period" 
delay + three years of "B period" delay). But in the PTO's view, 
since "the entire period during which the application was pending 
before the office" is considered to be "B period" for purposes of 
identifying "overlap," the patent holder gets only three years of 
adjustment . 

Chevron Deference 

We must first decide whether the PTO' s interpretation 
is entitled to deference under Chevron v. NRDC , 467 U.S. 837 
(1984) . No, the plaintiffs argue, because, under the Supreme 
Court's holdings in Gonzales v. Oregon , 546 U.S. 243 (2006), and 
United States v. Mead Corp. , 533 U.S. 218 (2001), Congress has 
not "delegated authority to the agency generally to make rules 
carrying the force of law," and in any case the interpretation at 
issue here was not promulgated pursuant to any such authority. 
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See Gonzales , 546 U.S. at 255-56, citing Mead , 533 U.S. at 226- 
27. Since at least 1996, the Federal Circuit has held that the 
PTO is not afforded Chevron deference because it does not have 
the authority to issue substantive rules, only procedural 
regulations regarding the conduct of proceedings before the 
agency. See Merck & Co. v. Kessler , 80 F . 3d 1543, 1549-50 (Fed. 
Cir. 1996) . 

Here, as in Merck , the authority of the PTO is limited 
to prescribing "regulations establishing procedures for the 
application for and determination of patent term adjustments 
under this subsection." 35 U.S.C. § 154(b)(3)(A) (emphasis 
added) . Indeed, a comparison of this rulemaking authority with 
the authority conferred for a different purpose in the 
immediately preceding section of the statute makes it clear that 
the PTO's authority to interpret the overlap provision is quite 
limited. In 35 U.S.C. § 154(b) (2) (C) (iii) the PTO is given the 
power to "prescribe regulations establishing the circumstances 
that constitute a failure of an applicant to engage in reasonable 
efforts to conclude processing or examination of an application" 
(emphasis added) — that is, the power to elaborate on the 
meaning of a particular statutory term. No such power is granted 
under § 154(b) (3) (A) . Chevron deference does not apply to the 
interpretation at issue here. 
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Statutory Construction 

Chevron would not save the PTO' s interpretation, 
however, because it cannot be reconciled with the plain text of 
the statute. If the statutory text is not ambiguous enough to 
permit the construction that the agency urges, that construction 
fails at Chevron's "step one," without regard to whether it is a 
reasonable attempt to reach a result that Congress might have 
intended. See, e.g. , MCI v. AT&T , 512 U.S. 218, 229 (1994) 
("[A]n agency's interpretation of a statute is not entitled to 
deference when it goes beyond the meaning that the statute can 
bear . ") . 

The operative question under 35 U.S.C. § 154(b) (2) (A) 
is whether "periods of delay attributable to grounds specified in 
paragraph (1) overlap." The only way that periods of time can 
"overlap" is if they occur on the same day. If an "A delay" 
occurs on one calendar day and a "B delay" occurs on another, 
they do not overlap, and § 154(b) (2) (A) does not limit the 
extension to one day. Recognizing this, the PTO defends its 
interpretation as essentially running the "period of delay" under 
subsection (B) from the filing date of the patent application, 
such that a period of "B delay" always overlaps with any periods 
of "A delay" for the purposes of applying § 154(b) (2) (A). 

The problem with the PTO' s construction is that it 
considers the application delayed under § 154 (b) (1) (B) during the 
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period before it has been delayed . That construction cannot be 
squared with the language of § 154(b) (1) (B) , which applies "if 
the issue of an original patent is delayed due to the failure of 
the United States Patent and Trademark Office to issue a patent 
within 3 years." (Emphasis added.) "B delay" begins when the 
PTO has failed to issue a patent within three years, not before. 

The PTO' s interpretation appears to be driven by 
Congress's admonition that any term extension "not exceed the 
actual number of days the issuance of the patent was delayed," 
and by the PTO' s view that "A delays" during the first three 
years of an applications' pendency inevitably lead to "B delays" 
in later years. Thus, as the PTO sees it, if plaintiffs' 
construction is adopted, one cause of delay will be counted 
twice: once because the PTO has failed to meet and administrative 
deadline, and again because that failure has pushed back the 
entire processing of the application into the "B period." 
Indeed, in the example set forth above, plaintiffs' calendar-day 
construction does result in a total effective patent term of 18 
years under the (B) guarantee, so that - again from the PTO' s 
viewpoint — the applicant is not "compensated" for the PTO' s 
administrative delay, he is benefitted by it. 

But if subsection (B) had been intended to guarantee a 
17-year patent term and no more , it could easily have been 
written that way. It is true that the legislative context — as 
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distinct from the legislative history — suggests that Congress 
may have intended to use subsection (B) to guarantee the 17-year 
term provided before GATT . But it chose to write a "[g]uarantee 
of no more than 3-year application pendency," 35 U.S.C. 
§ 154(b) (1) (B) , not merely a guarantee of 17 effective years of 
patent term, and do so using language separating that guarantee 
from a different promise of prompt administration in subsection 
(A). The PTO' s efforts to prevent windfall extensions may be 
reasonable — they may even be consistent with Congress's 
intent — but its interpretation must square with Congress's 
words. If the outcome commanded by that text is an unintended 
result, the problem is for Congress to remedy, not the agency. 

JAMES ROBERTSON 
United States District Judge 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



WYETH, et al., 

Plaintiffs, 



Civil Action No. 07-1492 (JR) 



JON W. DUDAS, Under Secretary of 
Commerce for Intellectual 
Property and Director of U.S. 
Patent and Trademark Office, 

Defendant . 

ORDER 

For the reasons stated in the accompanying memorandum 
opinion, plaintiffs' motion for summary judgment [12] is GRANTED 
and defendant's motion for summary judgment [16] is DENIED. The 
case is remanded to the agency for further proceedings that are 
consistent with this opinion. 



JAMES ROBERTSON 
United States District Judge 



ATTACHMENT B 



iiiMiiiiiiiiiniiNiiiiiiiiiiii 

US007484688B2 

(12) United States Patent ( io) Patent no.: us 7,484,688 B2 

Chow et al. (45) Date of Patent: Feb. 3, 2009 



(54) LANDING GEAR NOISE REDUCTION 

(75) Inventors: Leung Choi Chow, Bristol (GB); 

Christopher Neil Wood, Congleton 
(GB) 

(73) Assignee: Airbus UK Limited, Bristol (GB) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 642 days. 

(21) Appl.No.: 10/533,376 

(22) PCT Filed: Oct. 23, 2003 

(86) PCT No.: PCT/GB03/04586 

§ 371 (c)(1), 

(2), (4) Date: Apr. 29, 2005 

(87) PCT Pub. No.: WO2004/039671 
PCT Pub. Date: May 13, 2004 

(65) Prior Publication Data 

US 2006/0102775 Al May 1 8, 2006 
(30) Foreign Application Priority Data 
Nov. 1,2002 (GB) 0225517.2 

(51) IntCI. 

B64C 25/04 (2006.01) 

(52) U.S.CI 244/100 R; 244/110 D 

(58) Field of Classification Search 244/1 N, 

244/100 R, 110 D, 129.4, 130 
See application file for complete search history. 



References Cited 

U.S. PATENT DOCUMENTS 



2.176.461 A 

2.180.462 A 
2,941,756 A 
3,934,923 A 
4,537,373 A 
6,786,451 B2 



10/1939 Larsen 

11/1939 DeSeversky 

6/1960 Roberts 

1/1976 Lissamanetal. 

8/1985 Butts 

9/2004 Courtoisetal. 



FOREIGN PATENT DOCUMENTS 



1 067 045 Al 
1 340 676 Al 

579657 

568331 



WO 01/04003 Al 



1/2001 
9/2003 
8/1944 
3/1945 
9/1948 
5/1964 
6/1984 
1/2001 



Primary Examiner — Timothy D Collins 

(74) Attorney, Agent, or Firm— Patterson, Thuente, Skaar & 

Christensen, P.A. 



An aircraft landing gear (1) is described including a noise- 
reducing element that includes an air-deflecting surface, in 
the form of a fairing (4), and a perforated airflow-reducing 
region (8). In use, some air passes through the perforations, 
whilst other air is deflected by the fairing away from a noise- 
gencrating region of the landing gear. Noise caused by the 
passing of the landing gear through the air ' 
reduced. 

10 Claims, 5 Drawing Sheets 
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Fig.2. 
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Fig.3. 
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Fig.6. 
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1 2 

LANDING GEAR NOISE REDUCTION for example, by reducing the amount of air, or by reducing the 
speed of the air, flowing past or onto such other components. 

BACKGROUND OF THE INVENTION The airflow-reducing region may, for example, therefore 
be considered as an airflow-bleeding region or even an air- 

The present invention relates to landing gear. In particular, 5 flow-bypass region in that some of (i.e. a portion and not all) 

the invention relates to landing gear designed to reduce the the air that would otherwise be deflected by the noise-reduc- 

noisc generated by the interaction of the landing gear and the ing element is allowed to flow through the element . 

air flowing past it during flight, take-off and/or landing. The noise-reducing element may also be configured to 

It is desirous to minimise the noise generated by aircraft, streamline, in use, the flow of air past the landing gear, 

for example to lessen disruption or inconvenience, resulting 10 ^ jdlflow . reduc j ng region may reduC e me airflow that is 

from aircraft noise, caused to the public on the ground near by thc no isc-rcducing clement by means of one or 

airports. The interaction of the landing gear and the air flow- mMe appropriately po S i t i on e d shaped apertures in the 

ing past it results in turbulent flows and consequently noise. A clcmcnt . The airflow-reducing region advantageously 

significant amount of noise is generated in this way. includes a multiplicity of apertures through which, in use, air 
15 may pass. It is believed that providing a multiplicity of aper- 
tures of a given sum area provides a greater noise-reduction 

. , . j | effectthan a single round aperture ofthe same area could. For 

It is an aim of the present invention to provide a landing a ^ ^ Qf g ^ ^ ^ 

gear that generates less noise compared to a landmg gear of ^ ^ ^ a J q{ ^ ^ tQ 

die same size that has not been adapted, designed or manu- 20 causg Mem flows downstreanlj whereas TOenty apertllres 

facrured m accordance with the present invention. each ^ ^ d tQ a of ^ ^ of ^ 

According to the mvention there is provided an aircraft ho i e would result in the air flow being provided over a 

landmggearmcludinga noise-reducing element that includes ^ ^ ^ h ^ t reduce3 ^ of 

an air-deffecting surface and an airflow-reducing region ^^^l^ge^tBdTlieiioi^Hsduciiigdaneiit 

tough which, in use air may pass whereby the noise- 25 fcrabl incmdcs lcast 10 apcrturcs , morc preferably 

reducing element .s able in use to deflect air away from a ^^^ t ^ 20ap€ ^ aild eve n iiiofei«efe n iWyha* 

noise-generating region of the anding gear whilst allowing morc ^ 5Q cs ^ ^ bc m ^ form of 

some air to pass through the element, thereby reducing the perforations 

noise caused bv the passing of the landing gear through the " . . t , . . _ . 

air . t~ d ce n- ^ The arrangement ofthe apertures across the air-deflecting 

Thus noise caused by the interaction of the air and the surtace ma ? be non-uniform. It will of course be understood 



SUMMARY OF THE INVENTION 



landing gear caused during the approach when landing may . , , 

be reduced by means of providing a noise-reducing element non-unilorm °r irregular whilst at least one substantial por- 

according to the present invention. The provision of an air- tlon of me ^-deflecting surface has a regular or uniform 
flow-reducing region enables the noise-reducing effect ofthe 35 arrangement of apertures. The non-uniformity of the aper- 

noise-reduchlg dement to be improved. Exactly how the "f? be as a ™ ult of ^T^res not being 

provision of such an airflow-reducing region reduces noise distributed evenly across the air-deflecting surface. For 

has not been fully analysed, although a possible explanation exam P ,e ' the ""^fleeting surface may include a centre por- 

relating to the reduction of the production of turbulent air- tlon naving a uniform arrangement of apertures and a penph- 
flows is provided below. 40 f 1 P° rtlon iumn i no a P ertu « s . such that Rearrangement of 

We have ascertained that certain parts ofthe landing gear me a P e ^ es acro f the ^fleeting ^ace as a whole is 

contribute greatly to the noise generated by the landing gear non-uniform. Furthermore there may be one or more areas 

as it passes through the air. Deflecting air away from these ^ *> a P ertures - ea <* ««™ d,s P osed be,ween 

parts reduces noisf generated by such parts, but can result in *&°f FT™*^ areas t . (haVm 8 00 ?P em,res > 

^amteafrflows^^ 

extranoise..Jso,theprcvisionofanelementthatdeflectsair, ^ ^ ^ pr ° V1S, ° n of a P ertures would 

may have a shape that results in eddy current(s) and further nnt 



that the arrangement of the apertures as a whole may be 



not bc desirable. 



turbulence being created immediately upstream ofthe ele- 50 ^ air-deflecting surtace may include a first region 
ment. Providing an airflow-reducing region may, for encompassing no apertures and a second region encompass- 
example, divert a portion ofthe airflow that would otherwise ing at least ten apertures, the area covered by the first region 
contribute to such turbulent airflows. Mowing some air to naving a minimum dimension Ihat is al leasl as great as the 
flow, or bleed, through the element via the airflow-reducing maximum dimension of the area covered by the second 
region may therefore further reduce noise that might other- 55 re 8 ion - ^ second le 2 ioa ^ for exa mple be in or near lhe 
wise be generated, despite there being noise generated by the middle of the air-deflecting surface, llie first region may for 
interaction of thc clcmcnt and thc air flowing through thc example be near to the periphery of the air-deflecting surface, 
airflow-reducing region. Thus, the noise-reducing element is Preferably the airflow-reducing region is disposed between 
advantageously configured to reduce, in use, thc amount of two regions defined by the air-deflecting surface. The airflow- 
turbulent airflow generated in the region ofthe landing gear. 60 reducing region is preferably surrounded on all sides by the 
An alternative or additional means by which the present rest of the air-deflecting surface. The airflow-reducing region 
inventionmightreducenoisemayarisewhentheairdeflected may thus not extend to the edge of the air-deflecting surface, 
by the air-deflecting surface is caused to flow downstream Theremay bemorethanoneairflow-reducingregiononthe 
onto or past other components of the landing gear or aircraft. noise reducing element. There may for example be a plurality 
In such a case, providing an airflow-reducing region may 65 of discrete airflow-reducing regions. Such discrete airflow- 
reducethenoisegeneratedbytheinteractionofthehighspeed reducing regions could of course be considered as being 
deflected airflows with such other downstream components, separate sub-regions of a single airflow-reducing region. 
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Similarly, the air-deflccting surface may comprise separate nation line. The airflow-reducing region may be so shaped as 

discrete surfaces that together form a single, albeit with dis- to only cover one or more stagnation points/lines, preferably 

continuities, air-deflccting surface. all the stagnation points/lines, and the or each region immc- 

The or each aperture is preferably round in cross-section. diately surrounding the or each stagnation point/line. Alter- 
Other shapes could of course be used, but round holes arc 5 natively, the area covered by the airflow-reducing region may 
easily machined. be significantly greater than that required to cover the or each 

The or each aperture is preferably formed such that the stagnation line/point. The coverage of the airflow-reducing 
portion defining the part of the aperture on the surface that in region will of course depend not only on the shape and con- 
use faces the airflow (i.e. the upstream surface) has substan- figuration of the noise-reducing clement, but also on the posi- 
tially no sharp edges. Sharp edges might, under certain con- l o tioning of the noise-reducing element in relation to the noise- 
ditions, generate extra noise. Preferably, that portion has sub- generating parts of the landing gear/aircraft. For example, if 
stantially no edges defined by surfaces meeting at angles of the noise-reducing element is being used to shield a bogie 
90° or less . The or each aperture is preferably countersunk on undertray, control of the airflow downwards is not critical , 
the surface that in use faces the airflow (i.e. the upstream whereas proper control of any airflows being deflected 
surface). 15 upwards will be important. Such a noise reducing clement 

The passageway through the noise-reducing element would benefit from an arrangement wherein the airflow-re- 
defined by each aperture preferably flares out towards the during region reduces the amount/speed of air deflected 
surface that in use feces the airflow (i.e. the upstream surface). upwards. 

It is preferred that the passageway also has a portion of The airflow in the vicinity of the stagnation point may 

substantially constant cross -sectional area. 20 under certain conditions be turbulent. 

The airflow-reducing region may have a volume of free of course! even w j m me provision of such one or more 

space permitting the flow of air through the noise-reducing aperrureS; stagnation points may still occur. However, the 

clement and a volume of solid material defining the volume of presence of such apertures near any such stagnation point 

free space. The airflow-reducing region may be considered as ^ aUow some air to escape through the aperture thereby 

having a porosity. For example, the porosity may be defined 25 reducing the flow velocity of the deflected airflows, thus 

as the percentage of free space to the total volume occupied mrther reducing aoise . 

by the airflow-reducing region. The porosity of the airflow- ^ qj . each ernm , be m ^ fonn of a ^ 

reducing region is preferably in the range from 10% to 60% m or other means that allows air t0 flow 

and more preferably between 20% and 50%. ^ ^.^-^ element as opposed t0 being 

Advantageous y, the sum of the cross-sectional area of all 30 deflectedb I( wi „ be understood ^ whilst prefer red, the 

of the apertures (at their narrowest) m the airflow reducing oreaehapertureneednotforexamplebeboundedonallsides. 

region is equal to a percentage ; (hereinafter the perforation Fof , , he ^ ^ linked b e , ^ 

percentage) in the range from 10% to 60% of the total area of formed b other a s ^ Qr each a need no , bg 

the airflow-reducing region. Preferably, the average width of ^ jn sh on£ ^ bg so sfl d tQ 

the air-deflecting surface between adjacent apertures is wider 35 fom a muhi hcny of sub rtures 



than the average minimum dimension of the apertures. More 



prtfenibly, the ^oration percentage is between 20% and ^^SS^St^^^. 



range from 40% to 45% (inclusive), and even more preferably 

is in the range from 42% to 44% (inclusive). In an embodi- 40 cover . s al leasl a .P an 01 ' ne ' auum » fT' w »™ 

. . •? , , , _f \- t ■ u t gear is in a position in which it is able to support part of the 

it described below ihe perforation percentage is about a. i_ j c -j I rJC i j- 

woiotit of the aircraft on the ground. Said part of the landing 
y for example be a part of the landing gear that has 



at least a part of the landing gear, when the landing 



14%. 

The perforation percentage is preferably chosen so that, in 



aal speeds on approach when landing, the relative 



been identified as contributing to the generation of unwanted 

speed of the air immediately behind the airflow-reducing 45 noise during landing. Said part of fee lanolng gear may be in 

region is between 20% and 80% of the relative air speed in f* «f ^ column of a nose gear, a tow-bar, he 

fiTnt of the airflow-reducing region. The perforations may be u^rneath of a bogie of a mam landing gear, an articulated 

arranged such that the percentage reduction in air speed is hnka S e > one or more rods, abrake actuator, a steenng actua- 

betwL 25% and 75% and more preferably between 30% tor ' a **>F.*«™ ^. d ° Sed p0Sltl0a ?° V T- *h T^T 

and70%.lntheemb<,dimentdescribedbelow,thepercentage 50 tfeough which the landing gear passes when being deployed, 

reduction is between 40% and 60%. The percentage reduction and/or a an&uy- 

may be less than 50% More than one noise-reducing element may be provided on 

Preferably, the hole diameter and perforation percentage a single landing gear. Preferably, two or more noise-reducing 

are chosen, so that, at a typical landing approach speed, the air elements are provided, each noise reducing-element includ- 

flowing through and behind theairflow-reducingregionisnot 55 ing an air-deflecting surface and an airflow-reducing region 

turbulent, or at least, is such that turbulence is low relative to through which, in use, air may pass. Each additional noise- 

the turbulence that would be caused downstream if the noise- reducing element may include any combination of the fea- 

reducing element did not include the airflow-reducing region. ™res described above with reference to noise-reducing ele- 

The perforation percentage is preferably chosen such that, ment of the landing gear of the present invention. The or each 

in use at normal speeds on approach when landing, the air- 60 noise-reducing element may be formed of separate compo- 

flow-reducing region has a steady flow-resistance within the nent parts. The or each noise-reducing element may altema- 

range 10 to 200 MKS Rayls (N.s.nT 3 ) and more preferably tively be unitary in construction. The air-deflecting surface 

within the range of 20 to 100 MKS Rayls. m ay for example be a monolithic structure. 

The airflow-reducing region preferably covers an area, The present invention is of particular application on large 

which would, if the airflow-reducing region were replaced 65 aircraft, particularly passenger-carrying aircraft. For 

with an extension of the air-deflecting surface, cover at least example, the landing gear is preferably of a size suitable for 

one stagnation point or cover at least the majority of a stag- use on an aircraft designed to carry more than 50 passengers, 
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and more preferably more than 100 passengers. Such aircraft 
generally have retractable landing gear assemblies. 

The landing gear is preferably movable from a stored posi- 
tion to an operative position. 

The present invention also provides an aircraft including a 
landing gear according to any aspect of the above-described 
invention. 

The present invention also provides a method of reducing 
noise caused by landing gear on an aircraft including a step of 
manufacturing a landing gear according to any aspect of the 
above-described invention. Such a method advantageously 
includes a step of modifying an existing design in order to 
reduce noise caused by the landing gear. 

There is also provided a noise-reducing element for use on 
an aircraft landing gear, the noise-reducing clement including 
an air-deflecting surface and an airflow-reducing region 
through which, in use, air may pass, whereby the noise- 
reducing element is able in use to deflect air away from a 
noisc-gencrating region of the landing gear, whilst allowing 
some air to pass through the element, thereby reducing the 
noise caused by the passing of the landing gear through the 
air. The reduction of noise may for example be effected by 
means of the reduction of the velocity of deflected airflows. 

The noise-reducing element may of course be so config- 
ured that it is suitable for use as the noise-reducing element of 
an aircraft landing gear according to any aspect of the above- 
described invention. 

DESCR1PHON OF THH DRAWINGS 

Embodiments of the present invention will now be 
described by way of example with reference to the following 
schematic drawings of which: 

FIG. 1 shows in perspective view a nose landing gear with 
fairings, 

FIG. 2 shows a view of a region of a fairing of FIG. 1. 
FIG. 3 shows in perspective view a main landing gear with 
fairings, 

FIG. 4 shows an aircraft including both a nose landing gear 
as shown in FIG. 1 and two main landing gear as shown in 
FIG. 2, and 

FIGS. 5 to 8 relate to a method of choosing the percentage 
perforation of a region of the fairing. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a first embodiment of the invention con- 
cerning a nose landing gear 1. The nose landing gear 1 
includes wheels 2 a central support column 3 (or leg) and an 
upper fairing 4 and a lu wer fairing 5. The nose gear 1 is shown 
in its deployed position during landing of an aircraft (not 
shown in FIG. 1 ) lo which the nose landing gear 1 is attached. 
The direction of flow of air relative to the nose gear is indi- 
cated by arrow A which points lo the right in FIG. 1 , since the 
nose gear and aircraft are moving to the left. 

The upper fairing 4 is positioned over the central support 
column 3 in a position that shields parts 6 of the landing 
structure that are a ssociated with the steering of the nose gear 
wheels 2. The parts 6 that arc shielded by the fairing include 
steering actuators (comprising rods, linkages and the like) 
that would if not shielded generate significant noise. The 
upper fairing 4 is attached to the gear 1 via steering actuator 
mounting brackets. The upper fairing 4 has regions of both 
positive and negative curvature, and in the region at the front 
of the fairing, the fairing is saddle-shaped. 

The lower fairing 5 i s positioned over and therefore shields 
a tow-bar (hidden from view in FIG. 1) and jacking structure. 
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The tow-bar, which is positioned between the fairing 5 and the 
central support member 3, may be used to tow the aircraft 
when the aircraft is on the ground and the jacking structure 
enables the aircraft to be jacked up by its nose gear to enable 

5 the nose wheels 2 to be serviced. Access to the tow bar and 
jacking structure is facilitated by means of a door (not shown 
in FIG. 1) in the lower fairing S. The tow bar and jacking 
structure would also, if not shielded, generate significant 
noise. The lower fairing docs not have any regions having a 

10 curvature resembling a saddle. 

Each fairing 4, 5 has an aerodynamical ly-streamlined pro- 
file shaped so that the air approaching the fairing is deflected 
by the fairing away from the part of the landing gear that it 
shields. The fairings are generally convex in shape as viewed 

15 in the direction of arrow A and arc made from sheet alu- 
minium having a thickness of 1 .6 mm. 

Each fairing also has a perforated region 8 indicated by the 
shaded regions in FIG. 1. The perforated region is shown 
schematically in plan view in FIG. 2. The region shown in 

20 FIG. 2 is a region of perforations formed in a flat plane (the 
plane being flat for the sake of clarity); it will of course be 
appreciated that most, if not all, of the perforated regions 8 on 
the fairings 4,5 arc non-planar. The perforations arc in the 
form of round holes formed in the fairing and are arranged in 

25 a square matrix of notional unit cells 1 0, each unit cell having 
a perforation in its centre. The cross-sectional area of a per- 
foration varies along its length. The area decreases substan- 
tially constantly with length from the front face (in the direc- 
tion of travel of the fairing) to a given depth (for example 

30 between V* and >A of the length of the hole that defines the 
perforation — i.e. the thickness of the fairing). After that given 
depth the cross-sectional area of the perforation is substan- 
tially constant up to the back face. The perforations are thus in 
the form of countersunk holes, which are easily and readily 

35 formed in a blank fairing (or one or more sheets of aluminium 
to be made into a fairing) by drilling. 

The diameter of each hole on the front face is 4.3 mm. The 
diameter reduces to 3.5 mm at a depth from the front surface 
of 0.4 mm (i.e. the hole flares out at an angle of 45°). The fact 

40 that the holes are countersunk on the front face means that 
there are no sharp edges presented to the incident airflow. If 
the holes were not countersunk, the sharp edges of the holes 
on the front face could cause oscillations in the airflow, 
thereby generating unwanted noise. 

45 The notional unit cells 10 of the perforated region 8 have a 
width and height of 4.7 mm. The perforations each have a 
diameter of 3.5 mm at their narrowest. Thus adjacent perfo- 
rations are separated by 1 .2 mm (theircentres being separated 
by 4.7 mm). The percentage of the area of the perforated 

50 region that is perforated (taking the minimum cross-sectional 
areas of the perforations) is 44%, the remaining 56% being 
formed of solid material (the same material as the rest of the 
fairing). The percentage of the area of the perforated region 
that is perforated (taking the maximum cross-sectional areas 

55 of the perforations) is 66%. 

The perforated regions 8 are so shaped and positioned on 
the fairings that they do not extend all the way to the edge of 
the fairing but do cover the point, which if the fairing were not 
perforated in the perforated region, would form a stagnation 

The term stagnation point is well known in the art. By way 
of example, and in relation to the present embodiment, the 
term may simply be defined as the point on the fairing at 
which it may be considered the air impacting against the 
65 fairing divides. Alternatively, as a very simple approximation, 
the stagnation point on a surface that is travelling in a given 
direction may be considered as being the point at which the 



US 7,484,688 B2 
7 8 

normal to the surface is parallel to the direction of travel. Thus for the sake of clarity in FIG. 3) that allow ready access to the 

a given surface may have several stagnation points or the undercarriage jacking structure and access to facilitate ser- 

surface may have an infinite number of stagnation points, vicing of the wheels 2. 

forming a stagnation line or even a stagnation area. Also, the The articulation-link fairings 13 include an upper fairing 
position of the or each stagnation point will vary with the 5 13a and a lower fairing 136. The fairings 13a, 13b together 

direction of relative motion between the surface and the fluid cover and shield the gear-articulation-link mechanisms and 

through which it moves. j ack - fairill gs 13a > 13i are clamped to their respec- 

,. . . . ., .. tive articulation links and are joined by an aerodynamic seal 

The fainngs are oi course adequately vented so as not to ... C t/~. \ ... . r ., 

i u- j .u a • 1 i.u »• i mdicated by joint 17 in FIG. 3. Also the positioning of the 

prevent or hinder the flow of air through the perforations. In . - ' . . . e 



, , . >~ lower-articulation-link fairing 13b is such that its lower end 

particular, the structure is so shaped, in relation to the rest .of co . operateswiththeuppersurfeceofmeundertray fciringU, 

the aircraft downstream, that a given unit volume of air that when the ^ of ^ main landing gear jg positioned m the 

Hows through the perforations in ihe perforated region does tAsuDsi f or l^ng (tlle posi tion shown in FIG. 3). 

notpasstliroughancffcctivcconstnctiondownstrcamhavmg ^ door/dragstay-closure fairing 14 shields the landing 



:a smaller than the effective area of constriction of the 15 gear ^ ^ region oet ween the dragstay 20 and the inner 
perforated region through which the air passed. The fairing is sur f ace 18 of the main landing gear door 19. The fairing is 
in particular not a closed fairing. shaped to provide an aerodynamically-smoother profile than 
On landing the aircraft, the speed of the air relative to the would be provided if the forward flat surface 21 of the drag- 
nose landing gear will for example be about 85-90 ms" 1 (i.e. stay 20 were unfaired. The fairing 14 is also shaped such that 
roughly equal to the ground to air speed). During the 20 it allows the side stay 21 to fold into the fairing 14 when the 
approach, when the nose gear 1 has been deployed, the air landing gear 11 is retracted and stowed, 
flowing towards the fairings 4, 5 is partly divided and The upper side-stay fairing IS shields the otherwise flat 
deflected away from the components of the landing gear that surface of the upper part of the side stay 21 and again provides 
the fairings shield. However, some of the air passes (or a more aerodynamically -acceptable surface than the bare sid- 
"bleeds") through the fairings 4, 5 via the perforations 9 in the 25 estay 21 . The fairing IS also covers the gear actuation springs 
perforated regions 8. The air that passes through the fairings (not shown in FIG. 3). 

4, 5 in this way is slowed down, by means of the friction Eachfairing, mamanncrsimilartothcfirstcmbodimcnt.is 

between the fairing in the perforated region 8 and the air. The ma de from aluminium sheet material. The perforated regions 

speed of the air relative to the fairing 4, 5 on the rear side of the g we similar to those of the perforated regions described with 

fairing immediately behind the perforated regions 8 might for 30 reference to the first embodiment, those regions being illus- 

example be about 40% to 50% of the speed of the air relative trated schematically by FIG. 2. 

to the fairing in front of the nose gear 1. The noise generated p ]G 4 snows a third embodiment of the present invention 

by the passing of this air over the components that are other- relating to an aircraft 22. The aircraft 22 includes a nose 

wise shielded by the fairings is less than the extra noise that landing gear 1 in accordance with the first embodiment and 

would be generated by the airflows deflected by the fairing 35 ^ 0 sets G f ma j u landing gears 11 in accordance with the 

had the perforations not been provided in the fairing. second embodiment of the invention (only one set of main 

The countersinking of the perforations helps reduce the landing gear 1 1 being shown in FIG. 4 for the sake of clarity), 

chances of resonance of the fairing at certain conditions Ine aircraft 22 having landing gears that are provided with 

which could cause extra unwanted noise at certain frequen- fairings having perforated regions as described above may 

cies. 40 result in the noise generated by the aircraft on its approach 

A second embodiment of the invention is shown in FIG. 3, when landing being substantially reduced, 

which shows a main landing gear 11 including wheels 2 and It will be readily apparent to the skilled person that various 

a central support column 3 (or leg). The gear 11 includes modifications may be made to the above-described embodi- 

several fairings 12, 13, 14, 15. The main gear 11 is shown in 45 ment without departing from the spirit of the invention. For 

its deployed position during landing of an aircraft (not shown example, fewer or greater fairings maybe provided and/orthe 

in FIG. 3) to which the main landing gear 1 1 is attached. The function provided by two or more fairings may be provided by 

direction of flow of air relative to the landing gear is indicated a single fairing if possible. 

by arrow D which points to the left in FIG. 3, since the main The cross-sectional area of each perforation need not vary 

landing gear and aircraft are moving to the right. JQ along its length through the fairing and could instead be 

The fairings illustrated in FIG. 3 include an undertray substantially constant. Also, the perforation could include a 

fairing 12, an articulation-link fairing 13, a door/dragstay- portion that flares from a given depth to the rear face of the 

closure fairing 14 and an upper side-stay fairing IS. Each fairing, so that the perforations are in the form ofholes that are 

fairing includes, in a manner similar to that of the fairings countersunk on both faces of the fairing, 

shown in FIG. 1, a perforated region 8 which covers a stag- 55 Other patterns of holes could be used. For example, the 

nation point or part of a stagnation line. Thus the principles perforations may be arranged in a matrix, where each perfo- 

behind and improvements provided by the arrangement of the ration if formed in the centre of a notional unit cell in the 

fairings shown in FIG. 3 and the perforated regions 8 thereon shape of a regular hexagon. An irregular arrangement of 

are the same as those described with reference to FIG. 1. perforations may even be implemented. 

The undertray fairing 12 is a large single curvature cover 60 The diameter, and spacing of the perforations (and ennse- 

that shields the underneath of the main landing gear bogie and quently the percentage of the perforated region that is perfo- 

brake rod area. The fairing 12 includes a forward-facing rated) may be adjusted to suit a particular aircraft and/or to 

raised area 16 that has a streamlined shape which thus pre- suit a chosen range of aircraft -to-ground speeds on landing, 

sents a smoother surface to the air than the landing gear would For example, the optimum percentage of perforation is 

present without the fairing 12. The fairing 12 is clamped to 65 thought to be dependent on the relative speed of the fairing 

both the bogie beam and the axles (not shown clearly in FIG. and the air. Different size and shape of aircraft, and different 

3). The fairing 12 includes flush, removable doors (not shown landing speeds, may therefore affect the ideal percentage of 
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perforation. One method of choosing the perforation percent- where 
age is described below, purely by way of example only, with 
reference to FIGS. 5 to 8. 

FIG. 5 shows a perforated plate in a flow stream of velocity 5 n(/- DC , «i, ff) = ^i^/kosO' 

u 1; FIG. 6 shows a graph of downstream to upstream velocity 
ratio as a function of DC flow resistance and upstream veloc- 
ity, FIG. 7 shows a graph of u-component of the velocity FIG. 6 shows u^u, as a function of r for different incidence 
distribution across scan plane for a half-cylinder perforated velocities and normal incidence (9=0°). 
shell as measured in a wind tunnel test (only half of the i 0 The calculations made here are for a perforated plate, the 
measurements data points being shown since they are perforations heing arranged in a hexagonal matrix and having 
approximately symmetric), and FIG. 8 shows a graph of a pitch p=5.0 mm and orifice diameter d or =3.5 mm. For the 
predicted flow distribution across scan plane for u,=90 m/s, nole pattern of tnis mater ial the porosity of the material is 
and 3 different open-area coefficients. given by: 

The publication Massey, B. S. Mechanics of Fluids. 5 th ed. 15 
Van Nostrand Reinhold(I IK), 1 983 addresses the problem of 

a jet of fluid incident at an angle 6 to a rigid surface, assuming ^ a f 95 4»Y a Q M 

inviscid, incompressible and irrotational flow. A similar I f> J 

approach is followed for the current problem but the surface 1Q 
is now perforated so that some fluid can flow through it. This 

situation is shown in FIG. 5. The free stream velocity in the wind tunnel was Uj=60 m/s, 

The rate at which momentum enters the control volume and we approximate the velocity in the orifices by 
enclosed by S in the direction perpendicular to the plate is 

and the rate at which it leaves the volume in the x direction is 

Spu 2 u 2 jU=pAu 2 2 cosO ^ giving a Reynolds number 

where u^-u, cos B is the velocity component in the x direc- 
tion. By Newton's second law, the excess in momentum rate u ^ 
in the x direction across the surface S is equal to a force F x on «e = - SL ^- ~ 3.1 x to 4 
the perforate surface such that 

35 

F.-fo-pM^-pAcosd^-u, 2 ) (1) 

which, according to the publication Idelchick, I.E. Handbook 
AccordingtothepublicationIngard,K.U.jVo/ef'ooA:#3Arofej Of Hydraulic Resistance, 2 nd ed. Hemisphere Publishing 
On Sound Absorption Technology. Ver94-02. Noise Control Corp. 1986 determines the flow across the perforate to be in a 
Foundation, N. Y., 1 994 for a thin perforated surface the (ve- 40 transitional region, between laminar and fully turbulent flow, 
locity dependent) steady flow resistance r DC is given by: fnus using diagram 8-5 of the Idelchick reference we calcu- 

' :e coefficient 



45 '-itst**"**- 

where AP is the pressure drop across the plate and u or is the 

mean flow velocity through the orifices. We assume here that where ^=f(Re,cr) accounts for 'laminar' viscous losses, 6 0fie 
for a perforated plate of open-area coefficient a the velocity in 50 is a factor Reynolds number dependant, and ^ ^ is the resis- 
the orifices u or can be approximated by tance coefficient for fully turbulent flow (Re> 1 0 5 ) . 'Ihe above 

are read from a graph or table to give 



Multiplying eq. (1) by eq. (2) to give a quadratic equation 
in u 2 , choosing the solution with the positive square root and 



— (r DC ,W|,e)=f&(/- DC , 



• if 
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and rearranging and assuming Uj-O.Su, 



FIG. 6 confirms that for u,=60 m/s and a DC flow resis- 
tance r DC M3rayl(MKS), the predicted velocity u 2 down- 
stream of the perforated plate should indeed be around half of 
u„ in feet ^-0.54^-32.401/5. If this was not the case, further 
guesses for u 2 would have to be made and the last steps 
iterated until agreement is achieved. FIG. 7 compares the 
prediction of eq. (3) as a function of angle 8 with some data 
points read from the results of the measurements on the per- 
forated plate. Theagreement is good up to angle 6=±25°, after 
which the assumption of negligible mass flow tangential to 
the plate is no longer acceptable. 

The former calculation is now reversed in order to (tenta- 
tively) specify the perforated plate for flight conditions. 
Because of the non-linear equations involved it is necessary to 
use an iterative procedure. Setting 



u, = 90 m/s 
^=0.5 
d, r = 3.5 mm 



then, from FIG. 6 read r Z5C -72rayl, and an initial trial guess 
for a 0 =0.35 gives 



The Reynolds number is 



* *3. 5 x 10 -> 



and from diagram 8-5 in of the Idelchick reference 




Finally, from diagram 8- 1 in of the Idelchick reference we can 
read the free-area cue ITicienl corresponding In this resistance 
coefficient: 

5,^.-8.2-^1-0.39 

which is not in agreement with our initial guess. 
If we try as a second iteration for the same calcula- 

tion gives the correct value 

t„^6.8-o-0.42 

FIG. 8 compares the predicted velocity distribution from 
eq. (3) for a perforate plate with o0.35, o=0.42, and a=0.44 
for the flight conditions specified. 



K688 B2 

12 

Since the diameter of the orifices was fixed at 3.5 mm, an 
assuming a staggered arrangement of holes, the pitch required 
to give each porosity is 



(5.62 mm <= <r = n.35 
5.13 mm <= <r = 0.42 
5.01 mm «= <r = 0.44 

10 

From FIG. 7 it is concluded that the model is in reasonable 
agreement with the data measured. 

From FIG. 8 it is concluded that assuminga hole size of 3.5 
mm, the appropriate percentage open area for the flight con- 

15 dition is in the range 42%-44%. For the staggered hole 
arrangement of the original test sample (to be specified in 
detail) the appropriate hole pitch is thus 5.01 mm-5.13 mm. 
This specification is virtually identical to the material tested 
in wind tunnel tests. 

20 The method described above with reference to FIGS. 5 to 8 
is provided by way of example only to illustrate the issues that 
preferably need to be considered when choosing the arrange- 
ment and size of the perforations. It will of course be appre- 
ciated that other methods could be employed to specify the 

25 perforation pitch and diameter, and therefore the aerody- 
namic porosity. For example, wind tunnel tests and/or com- 
puter simulations could be utilised to obtain acceptable values 
by trial and error. 
Adjacent perforations could be connected by long and thin 

30 apertures such that a plurality of perforations could be con- 
sidered as forming a single, albeit complexly-shaped, hole. 

The fairing could be made from materials other than alu- 
minium or alloys thereof. For example, the fairing could be 
made from carbon fibre or glass fibre composite materials or 

35 even plastic material. 

It is also thought that the provision of a mesh might provide 
even better results in terms of noise reduction. The mesh 
would be provided in front of the fairing and would, in par- 
ticular, cover the region that is perforated. The gauge of the 

40 mesh would be much finer than the diameter of the perfora- 
tions. For example, it is envisaged that a gap size in the mesh 
of 0.1 mm to 2 mm would be preferable. The mesh would 
further enhance the effect of the fairing of reducing the air 
velocity behind the fairing whilst letting some air through. 

45 The mesh could be arranged as a renewable item and as such 
would be removably mounted in relation to each fairing. A 
wire mesh would be suitable. The thickness of the wire or 
material forming the mesh should be as low (thin) as possible, 
but must of course be great enough for the mesh to be able to 

50 cope with the harsh environment (i .e. high air velocities) that 
the mesh would be subjected to on landing. The thickness 
could be between 0.01 mm to 1 mm. A thickness of less than 
0.1 mm is preferable. The dimensions of the mesh may be 
similar to those of a conventional mosquito net. It i s preferred 

s 5 that the mesh has a flow resistance, at approach speeds, of less 
than 200 MKS Rayls and preferably in the range of 1 0 to 1 00 
MKS Rayls. 

Of course, the invention is applicable to all aircraft where 
unwanted noise is an issue. As such, the present embodiment 
60 could of course be applied to aircraft having landing gear 
arrangements different from those described above with ref- 
erence to the accompany drawings. 

The invention claimed is: 

1. An aircraft landing gear including a noise-reducing ele- 
65 ment that includes 

an air-deflecting surface wherein said air-deflecting sur- 
face includes a first region encompassing no apertures 
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and a second region encompassing at least ten apertures, 
the area covered by the first region having a minimum 
dimension that is at least as great as the maximum 
dimension of the area covered by the second region, and 

an airflow-reducing region having more than 10 apertures 5 
through which, in use, air may pass, 

whereby the noisc-rcducing clement is able in use to 
deflect air away from a noise-generating region of the 
landing gear, whilst allowing some air to pass through 
the element, thereby reducing the noise caused by the 10 
passing of the landing gear through the air. 

2. An aircraft landing gear according to claim 1, wherein 
the 15 noise-reducing element includes at least 50 apertures. 

3. An aircraft landing gear according to claim 1, wherein 
the apertures arc in the form of perforations . 1 5 

4. An aircraft landing gear according to claim 1, wherein 
the arrangement of the apertures across the air-deflecting 
surface is non-uniform. 

5. An aircraft landing gear according to claim 1, wherein 
the first region is near to the periphery of the air-deflecting 20 
surface. 



6. An aircraft landing gear according to claim 1, wherein 
the airflow-reducing region is disposed between two regions 
defined by the air-deflecting surface. 

7. An aircraft landing gear according to claim 1, wherein 
the airflow-reducing region covers an area, which would, if 
the airflow-reducing region were replaced with an extension 
of the air-deflecting surface, cover at least one stagnation 
point or cover at least the majority of a stagnation line. 

8. An aircraft landing gear according to claim 1, wherein 
the noise-reducing element is so arranged that in use it shields 
at least a part of the landing gear. 

9. An aircraft landing gear according to claim 1, wherein 
the noise-reducing element is in the form of a fairing that 
covers at least a part of the landing gear. 

10. An aircraft landing gear according to claim 1, wherein 
the landing gear is movable from a stored position to an 
operative position. 
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